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Introduction
Globally, human fecundity appears to be on the decline with decrease in semen quality and male infertility being on the rise [1, 2] . Environmental pollutants, occupational exposures and life style factors have been explored as possible contributors [3] . Toxicants affecting the reproductive system are broadly categorised as petroleum products, agrochemicals, industrial chemicals and heavy metals. The effects of exposure to toxicants and male infertility have been reported by many investigators [4] . However the results vary according to the study population, the methods used in the assessment of exposure and the biological end point.
Of the heavy metals known to impair semen quality, lead (Pb) and cadmium (Cd) are the two most prevalent Ceylon Medical Journal 2015; 60: 52-6 lead concentration was 17.7 (95% CI 15.0-20.4) µg/dl and 13.5 (95% CI 11.2-15.7) µg/dl in non exposed and cadmium concentration in exposed was 1.2 (95% CI 1.1-1.4) µg/dl and 1.1 (0.9-1.3) µg/dl in non-exposed.
Conclusions Environmental and occupational exposures were associated with reduced sperm count motility, viability, normal forms and detectable levels of lead and cadmium in seminal plasma.
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in the environment [5] . During the past few decades Pb and Cd levels in the environment have increased due to excessive use of gasoline and petroleum products, rapid industrialisation and smoking. Thus exposure to these heavy metals occurs through contaminated water, food and air. Once absorbed into the blood Pb and Cd are deposited in bone, kidney and reproductive organs.
In Sri Lanka too there is evidence that contamination of water, soil and air with Pb and Cd is high [6] . However, the effects of exposure to heavy metals on male fertility have not been studied. Hence this study aims to describe the association between environmental and occupational exposures with semen parameters and Pb and Cd levels in seminal plasma of men investigated for infertility.
Methods
Male partners (n=300) of couples investigated for infertility between August 2010 to March 2012 were recruited. Males with known causes of infertility were excluded. Obtaining information and seminal fluid analy-sis were done at Vindana Reproductive Health Centre, Colombo, while Pb and Cd in seminal plasma were measured at the Coconut Development Authority, Sri Lanka.
Demographic data and information regarding environmental and occupational exposures were collected using an interviewer administered questionnaire after obtaining informed written consent. Men living in areas less than 50m from a main road or from an industry emanating toxicants were considered environmentally exposed. Occupational exposure was defined as men reporting contact with chemicals and other potentially hazardous substances at work places such as welding, painting, printing, and farmers using agrochemicals. Three-wheeler drivers and those who rode motor bicycles more than 40 km a day were also considered positive for occupational exposure. For both environmental and occupational exposures, the minimum duration was three months.
Semen samples were collected after three days of sexual abstinence. Seminal fluid analysis and the categorisation into normozoospermic and pathozoospermic groups were done according to WHO guidelines [7] . Following centrifugation, seminal plasma was stored in metal free, labeled polypropylene plastic tubes at -20°C for subsequent Pb and Cd analysis [8] .
Lead and cadmium analysis was done by Graphite Furnace Atomic Absorption Spectrophotometry (Varian spectra 250, Australia). A volume of 0.5 ml of seminal plasma was digested in 5 ml of ultrapure grade concentrated HNO 3 and 2 ml of 30% H 2 O 2 in the teflon digestion vessel (XP 1500 Plus) placed in the microwave oven (Mars 907511, CEM Corp, USA) for 30 minutes. The filtrate was diluted using deionised water. Both control and blank samples were treated in a similar manner for each batch of tests.
The Graphite Furnace Atomic Absorption Spectrophotometer (GFAAS) was calibrated using 10, 20, and 40 µg/l and 1, 2, and 4 µg/l standards (Inorganic Ventures, USA) for Pb and Cd respectively. Blank and test samples were aspirated into GFAAS by using wavelengths 283.3 nm and 228.8 nm respectively. Both test and control samples were analysed in duplicate and the average was taken as the result. The minimum detection limit for Pb and Cd were 0.32 and 0.50 µg/l respectively.
Statistical analysis was done using SPSS (version16). Means of sperm parameters, Pb and Cd concentrations in different exposure categories were compared using independent sample t-test. The age and the distance from the source of pollution to residence were correlated with Pb and Cd concentrations in seminal plasma using Spearman's correlation. P value < 0.05 was considered as statistically significant. Approval was obtained from the Ethical Review Committee of the Faculty of Medical Sciences, University of Sri Jayewardenepura. Written informed consent was obtained from the patients.
Results
The demographics of the total population is given in Table 1. The exposed and the non exposed groups did not differ significantly on mean age, body mass index and duration of infertility. Table 1 . Demographic characteristics of exposed and non exposed groups
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Nearly 68% of the men were from the Western Province and 51% were from the Colombo district. The other provinces included Central (6%), North Central (6%), Southern (4%) and North Western (3%).
Of the men investigated for infertility, 164 (54.6%) were exposed to toxins through environmental or occupational sources. Of the exposed, 80 (26.6%) lived in areas with possible environmental toxicity and 112 (37.3%) were exposed to toxins through occupational sources. The proportions of exposed toxins are given in Table 2 . A noteworthy proportion (30.3%) of men were exposed to petroleum products and of them, 51% (n=46) were three wheeler drivers, 29.6% (n=27) were men living in areas less than 50 m from a main road and 20% (n=18) were men who had direct contact with petroleum products.
The mean values of sperm concentration and normal morphology of exposed pathozoospermic men were significantly lower when compared to non exposed pathozoospermic men while the mean values of sperm progressive motility, normal sperm morphology and sperm viability of exposed normozoospermic men were significantly lower when compared to non exposed normozoospermic men. Sperm with normal morphology was significantly lower in the exposed groups although the mean values were above the reference limit (Table 3) .
Lead was detected in the seminal plasma in 115 (38.3%) and Cd was present in 69 (23%) of men. Both heavy metals were present in 18 men. In the total population the mean Pd concentration was 15.77 µg/ dl and Cd concentration was 1.18 µg/dl. The highest concentration was Pb 132 µg/dl and Cd 24 µg/dl. There was no correlation between the seminal plasma Pb and Cd concentration and age. The distance from the area of possible environmental or occupational exposure correlated negatively with seminal plasma Pb (r= 0.06, p>0.05) and Cd (r= 0.26, p< 0.05) concentrations. The environmentally exposed group had the highest mean Pb concentration of 19.7 (95% CI 15.8-23.7) µg/dl while the occupationally exposed group had the highest mean Cd concentration of 1.4 (95% CI 1.2-1.7) µg/dl as shown in Table 4 . Of the pathozoospermics, 38 (38.4%) had detectable levels of Pb in seminal plasma while 21 (21.2%) p value was calculated using the independent sample t-test comparing the mean sperm parameters between exposed and not exposed pathozoospermic and normozoospermic men. Table 3 . Sperm parameters of pathozoospermic and normozoospermic men exposed and not exposed to toxicants Papers had cadmium. Similarly, 77 (38.3%) normozoo-spermics had lead in seminal plasma while the cadmium positive normozoospermics were 48 (23.9%). Pathozoo-spermics had a higher Pb (17.25 µg/dl) and Cd concen-tration (1.25 µg/dl) in seminal plasma than the normozoo-spermics (Pb=15.04 µg/dl, Cd=1.15 µg/dl) although the difference was not significant.
Discussion
It is estimated that about 10 to 12% of married couples in Sri Lanka are sub-fertile [9] . As men with known causes of infertility were excluded from this study, exposure to reproductive toxins needs to be explored as a possible contributory factor for infertility. The two reproductive toxicants specifically targeted in this study were Pb and Cd and the seminal plasma concentrations were measured as it is reported to be a better biomarker of male fertility than blood or plasma concentrations [10] . From the results of this study it is evident that environ-mental and occupational exposures are associated poor semen quality and with detectable levels of Pb and Cd in seminal plasma.
In our study, in the exposed group, normal morphology was significantly reduced among patho-zoospermics and normozoospermics while progressive motility and the viability of sperm were below the WHO reference value in pathozoopsermics. Even among the normozoospermics, sperm viability was less than the reference value of 58% in the exposed group. Several others have reported similar results [11, 12] .
Lead and cadmium are known to disrupt the process of spermatogenesis, spermiogenesis and steroidogenesis in the testis by acting as chemicals affecting the hypothalamic-pituitary-gonadal axis or by directly damaging testicular tissue [13] . Exposure to toxicants causing an imbalance in the pro-oxidant and the anti-oxidant status in the testes leading to reactive oxygen species induced damage is another possible mechanism causing reduced sperm quantity and quality [14] .
In this study the proportion of men with detectable Pb and Cd concentrations in seminal plasma (38.3%) was similar to a study done in Singapore (37.5%) [15] . The seminal plasma Pb concentration in our study was similar to an Indian study among oligozoospermic infertile men (15.7 vs 15 µg/dl) but the Cd was much higher (1.18 vs 9.6 µg/dl) in the Indian study [16] . In contrast these values were much higher when compared to the mean 
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Pb and Cd levels reported as 1.24 µg/dl and 0.061 µg/dl respectively in the Singaporean study probably because those occupationally exposed to heavy metals were excluded [15] . It was noteworthy that even in those who reported as ''not exposed'' in our study, the mean lead (13.4 µg/dl) and cadmium (1.1 µg/dl) levels were higher than the Singaporean study. Thus inadvertent exposure through contaminated water, food and air is a possibility.
In a developing country like Sri Lanka with rapid infrastructure development, urbanization and industrialization, precautions to minimise environmental pollution and hazard reduction at work places are important. Larger epidemiological studies combined with basic sciences research are recommended to evaluate the link between toxicants and male infertility in Sri Lanka.
